The objective of this study was to explore the relationship of sociodemographic, clinical, and health-services use-related variables with transitions between disability-based profiles. In a longitudinal study of 1386 people aged 75 and over living in the community at baseline, disabilities were assessed annually for up to four years with the Functional Autonomy Measurement System (SMAF), which generates 14 Iso-SMAF profiles. These profiles are grouped into 4 disability states, which are predominant alterations in instrumental activities of daily living (IADLs), mobility, mental functions as well as severe and mixed disabilities. Continuous-time, multi-state Markov modeling was used to identify the factors associated with transitions made by older people between these states and to institutionalization and death. Greater age and receiving help for ADL were associated with four transitions, while altered cognitive functions and hospitalization were associated with three, all involving more decline or less recovery. From mild IADL profiles, men have a higher risk of transitioning to intermediate predominantly mental profiles, while women are at higher risk of transitioning to intermediate predominantly mobility profiles. Unmet needs are associated with deterioration, from mild IADL to intermediate predominantly mobility profiles. These results help understanding the complex progression of disabilities in older people.
Introduction
To help in planning health services for older people living at home, eight classifications involving disabilities have been developed over the last 15 years [1] - [8] . Very little, however, is known about transitions between the profiles in a classification; even less information is available about the factors associated with these transitions.
The probabilities of transition (defined as going from a state to another) have only been studied [9] [10] for two of these classifications: the "Health States Profiles" (HSPs) [8] and the Iso-SMAF profiles [5] (SMAF: Functional Autonomy Measurement System). The latter is regularly used in clinical settings in different countries, but no study has presented its covariates associated with transitions between profiles. HSP classification included only four profiles and cannot be used for clinical and health-services planning purposes. HSPs transitions [9] were presented separately for women and men, but also separately for two consecutive periods (no overall annual transition estimates). There was considerable variation between the probabilities in these periods. Nevertheless, this is the only information available to date on factors associated with transitions between profiles that include disabilities. Use of services by older people has been linked to the eight classifications [1] - [8] . Their authors have stated their relevance to service planning. Knowledge about health-services use associated with profile transitions would be helpful in planning home services for older populations. Although older people with disabilities need many health services from many sources, the study of disability progression was never linked with the entire range of services used.
Knowledge about transitions and the associated covariates is needed to better understand what characterizes disability progression. Herein, we use the term "covariates" instead of risk or protective factors because profiles are not always ordered and the direction of change is not always positive or negative. Moving from a profile with predominant mobility problems to a profile with predominant cognitive problems or vice versa lies outside the traditional view of risk or protection. In profile transitions, it refers more to a change in the predominance of problems rather than a change in their severity.
Except for sex [9] , covariates associated with transitions between different disability profiles are unknown. The factors associated with disability progression that have been identified in the main incidence studies could potentially be associated with disability-profile transitions. These include age [11] - [20] ; sex [12] [14] [16] - [18] [20]; education [12] [14] [16] ; living alone [15] [16] ; cognitive impairment [15] [16] [20] [21] ; depression [20] [21]; comorbidity [11] [12] [18] [21] [22] ; social contacts [23] ; self-perceived health [11] [15] [22] ; initial level of disability [11] [15] [18] ; and use of health services, such as hospitalization [11] [12] , help for IADL [14] , and visits to or from health professionals [24] . Unmet needs are also viewed as potential correlates of disability progression [25] [26] . This study's main objective was to explore the covariates associated with transitions for Iso-SMAF disability profiles (described below). They were variables previously shown to be related to change in disability and include sociodemographic data, clinical factors, and health-services use.
Material and Methods

Source of the Data and Measures
The PRISMA (Program of Research to Integrate Services for the Maintenance of Autonomy) [27] study followed 1501 people aged 75 and over living in the community and screened at risk of functional decline [28] in Quebec, Canada. Subjects were evaluated at baseline and every year while living in the community for up to four years, during years [2001] [2002] [2003] [2004] [2005] [2006] . Institutionalization in long-term-care facilities (LTCFs) and death were recorded throughout the study with their exact date. In Quebec, older people do not return home after LTCF institutionalization. Details about the PRISMA study are available elsewhere [29] .
Disabilities were evaluated annually with the 29-item SMAF (French acronym for Functional Autonomy Measurement System) [30] covering five sectors of activity: ADLs [7 items], mobility [6] , communication [3] , mental functions [5] , and IADLs [8] , based on World Health Organization International classification of impairments, disabilities, and handicaps [31] . Each item was scored on a 5-level scale from 0 (independent) and 0.5 (with difficulty) to 3 (dependent), for a total score ranging from 0 to 87. The SMAF was administered by trained health professionals, who scored the individual's functional ability after questioning them and proxies, observing and sometimes testing the subject. For each disability item, available resources to compensate for it were evaluated and a handicap score representing unmet needs was deducted. The instrument's validity has been assessed in many studies [30] [32]- [34] . The link between the SMAF and the resources and costs in different settings (from home to long-term institution) has also been studied [35] .
A case-mix classification, previously developed by cluster analysis of the 29 SMAF items [5] , classifies people into 14 Iso-SMAF profiles ("Iso" means "equal"). The 14 Iso-SMAF profiles had been validated with different levels of required services [5] . They range from the mild disability profile 1 (needs help or supervision in IADL mainly) to the most severe disability profile 14 (dependent for nearly all functions, see Figure 1 for illustration) where the mean total SMAF score (/87) increase. For example, an Iso-SMAF profile 7 has a mean SMAF score of 39/87, while the profile 8 has a mean SMAF score of 43/87 [5] . The profiles are regrouped into four broad categories [5] : mild, mainly IADL disabilities (profiles 1, 2, and 3); intermediate, predominantly mobility disabilities (profiles 4, 6, and 9); intermediate, predominantly mental disabilities (profiles 5, 7, 8, and 10); and severe and mixed disabilities (profiles 11, 12, 13, and 14) . Both the SMAF and Iso-SMAF tools are used elsewhere in the world (e.g. in France [36] , Switzerland [37] and Brazil [38] , namely). The profiles constitute a central part of integrated care pathways [39] to plan services for older people. Therefore, extensive knowledge of transitions and associated factors are important.
Many of the potential covariates previously shown to be related to progression in disability incidence studies were measured in the PRISMA study. The range of health services used was extended compared to previous reports. The covariates measured and tested here for their associations with disability profiles transitions were, first, the sociodemographic variables age, sex, education, and living alone. Second, the clinical variables tested were cognitive functions measured with the Mini-Mental State Examination (MMSE) [40] , handicap score from the SMAF [30] , and respondent self-perceived health compared to people their own age. Thirdly, the yearly use of health services was examined. Self report on public, private, and voluntary health-service use was collected through bimonthly phone calls with calendar assistance, which proved highly reliable [41] . The variables recorded were emergency-department visits, hospitalizations, visits to day hospital or day center (geriatric rehabilitation services), visits to and from health professionals (GPs, specialists, nurses, and other professionals), home help for ADL and IADL, and voluntary services. Two covariates were fixed in time (sex and education); all others were time-varying, as measured throughout the study. Since this analysis was based on PRISMA data [27] (quasi-experimental study), group (study/control) and recruitment wave were also considered as possible confounders. Table 1 and Table 2 present the variables studied and their categories used in the analysis.
Statistical Analysis
Multistate Markov models in continuous time were used to analyze the data. This method is used to describe the process in which an individual moves through a series of states in continuous time [42] - [52] . It considers the data, which represent observations of the process at arbitrary times (a "snapshot" of the process or "panel-observed" data). Interval censoring is therefore considered in the calculations.
As a strategy to achieve convergence [48] [53] when studying covariates, the four broad Iso-SMAF profile categories were used in the analysis. Given the low prevalence of community-dwelling individuals in severe disability profiles 11 to 14, they were combined with "entry in LTCF" and this state was considered absorbing. In other words, transitions to this state were kept, but transitions from it were not estimated. Five states were therefore analyzed: 1) IADL profiles; 2) mobility profiles; 3) mental profiles; 4) severe profiles combined with LTCF entry (absorbing state); and 5) death (absorbing state). Notes: MMSE = Mini-Mental State Examination; SMAF = French acronym for Functional Autonomy Measurement System. a. The handicap score was not measured at entry in the study for the first recruitment wave, which accounts for 841 missing data. There were no other missing data later in the study for the handicap score. Notes: ED = Emergency department; PSEPFD = Public services for the elders presenting functional decline; GP = General Practitioner; ADL = activities of daily living; IADL = instrumental ADL. a. Public services for the elders presenting functional decline: public home-care services for ADL or IADL, day hospital or day center. b. Professionals other than MDs or nurses. c. The information on health-services use was not collected for the year preceding study entry. Consequently, information was missing for all 1386 subjects at baseline measure. There are only 22 other missing data during the study for service use (99.4% with complete data). The work of Jackson [48] [54] provided extensive descriptions of such type of analysis; it is summarized and applied here to our states and model. At time t, the individual is in state S(t). The arrows in Figure 2 show which transitions are allowed between states. The state to which the individual moves and the time of change are governed by a set of transition intensities, q r,s (t, z(t)), for each pair of states r and s in (1,2,3,4,5). The intensities may also depend on a set of individual-specific or time-varying explanatory variables, z(t). The intensity represents the instantaneous risk of moving from state r to state s:
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The intensities form a Q matrix whose rows sum to zero, so that the diagonal entries are defined by q rr = −Σ s≠r q rs. With our five-state model: 
The Markov assumption indicates that future evolution depends solely on the current state, so that q rs (t, z(t)) is independent of the observation history of the process up to the time preceding t. In a continuous-time Markov model, a single period of occupancy (sojourn time) in state r has an exponential distribution, with a mean of 1/q rr . The remaining elements of the r th row of Q are proportional to the probabilities governing the next state after r to which the individual makes a transition. A form of proportional hazards model is used to study covariates [51] [53] in which the transition intensity matrix elements q rs can be replaced by
The intensity matrix Q yields a transition probability matrix P(t) obtained through the Kolmogorov relation P(t)= exp(tQ) [53] [55] . We considered a time-homogeneous process for which the (r, s) entry of P(t), p rs (t), is the probability of being in state s at a time t + u, given the state at time u is r.
A likelihood is calculated from the transition probability matrix P(t), therefore, from the transition-intensity matrix Q. We estimate this transition-intensity matrix to fit a multi-state model to our longitudinal data using likelihood maximization. Analyses were conducted with Version 0.9.7 of the msm package [53] [54] in the R programming language, Version 2.11.1 (R Foundation for Statistical Computing, Vienna, Austria [56] ). The package allows for estimating hazard ratios (HRs) with 95% confidence intervals (CIs) for each covariate on each transition from one state to another. 
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Results
Transitions Observed
The initial database contained 5173 states observed for 1501 subjects; 210 subjects (14%) were dropouts or losses to follow-up or moved out of the area [27] . Transitions from state 4 and participants with a single observation were removed. The core data set contained 1386 participants with 4978 observations (yearly assessment, entry into LTCF, death; average of 3.6 observations by participant), generating 3592 observed transitions (from one state to the same or to another). Overall, during the study, 156 subjects were institutionalized (11.3%) and 269 died (19.4%).
Subjects
Subject average baseline age was 83.1 years (range: 75 to 104); 62.5% of subjects were women. Forty-one percent lived in their own homes, 28% were tenants or boarders in apartments, and the remaining 31% were in private residences for older people; 23.5% considered they lived alone. Most subjects reported excellent (20%) or good (49%) self-perceived health. MMSE scores ranged from 0 to 30 with a mean of 24.5/30, while SMAF disability scores ranged from 0 to 57 with a mean of 18.9/87. At study entry, 66.5% of the sample was in state 1 (IADL profiles), 21.9% in state 2 (mobility profiles), and 11.5% in state 3 (mental profiles). Table 3 shows the raw annual transition probabilities with 95% CIs between the five states of the model. These probabilities were not adjusted for any covariates. The annual probability of staying in a state was higher for mild IADL profiles than intermediate mobility or mental profiles. The probability of transitioning to severe profiles or LTCF (state 4) was highest for mental profiles, while the probability of death was equal for mobility or mental profiles. Recovery to mild IADL profiles was low but present for both mobility and mental profiles. The hazard ratios (HRs) with 95% CIs are presented in Table 4 for personal and clinical factors associated with at least one transition and in Table 5 for health-services use. The variables group (study/control), recruitment wave, and three health-services use variables were not significantly associated with any transition. Greater age and receiving help for ADL were significantly associated with 4 of the 12 transitions studied, involving more decline and less recovery. Altered cognitive functions and being hospitalized (≥2 days/year) were associated with 3 transitions related to decline. From mild profiles (state 1), the men were at higher risk (1/HR: 2.3, 95% CI 1.45, 3.56) of transitioning to intermediate mental profiles and to die (1/HR: 1.7, 95% CI 1.01, 2.94), while women were at higher risk of transitioning to intermediate mobility profiles (HR: 2.3, 95% CI 1.61, 3.36). Being younger, having 0 to 6 GP visits/year (as opposed to 7+), and not using services for ADL were the only 3 variables associated with recovery from intermediate mobility profiles to mild IADL profiles. Associations were found between 6 health-services-use-related variables and transitions from IADL profiles to mobility profiles, while 5 of these variables were also associated with transitions from any state to death. Despite many attempts, it was impossible to achieve convergence with 2 variables: living alone and visits to professionals other than MDs or nurses working in private sector.
Annual Transitions and Associated Covariates
Discussion
Overview
This study aimed at exploring the covariates associated with transitions between different disability profiles. Firstly, the convergence of the analysis is evidence of the possible identification of covariates in a cohort of persons aged 75 or over. Secondly, the results highlight the study's exploratory aspect. Despite many attempts, we did not obtain convergence of the analysis with more than 2 covariates studied simultaneously. Therefore, a final "multivariate" analysis could not be performed to include all the covariates associated with at least 1 transition. This study constitutes a first step in exploring the link between disability-profile transitions and sociodemographic, clinical, and health-services-use-related covariates in a community-dwelling older adult population at risk of functional decline. Sex is the only covariate previously studied in association with profile transitions [9] . Despite the classification differences, results from Lafortune et al. with the "Health State Profiles" are coherent with ours in 2 transitions. They reported that the transition from their "cognitively impaired" profile to their "cognitively and physically impaired" profile seemed greater for women than men. A transition from their "relatively healthy" profile to death also seemed greater for men than women in 1 of the 2 periods reported. Yet probabilities of transitions from "relatively healthy" to "physically impaired" or to "cognitively impaired" were similar for men and women in Lafortune's study.
Since a certain hierarchy exists from state 1 (mild IADL profiles) to states 2 or 3 (intermediate mobility or mental) to state 4 (severe profiles 11 to 14 combined with LTCF entry), the direction of some associations appears similar to what was generally reported in disability incidence studies in terms of increased severity. This is the case with age, where the oldest people were at greater risk for transitioning from mild to intermediate profiles. From mental profiles, the oldest people had a greater risk of death; from mobility profiles, the youngest had a greater chance of recovering to mild IADL profiles. But being 84 or over was not associated with transitions between intermediate profiles and or with recovery from mental profiles.
Disability-profile transitions, however, yield differences for studying associated covariates compared to the literature on disability incidence studies. The presence of two intermediate states (mobility and mental profiles) allows for examining covariates of transitions to equivalent levels of disability but with different predominance. In incidence studies, less education was associated with a higher level of risk for increased disabilities [12] [14] [16] . We observed that low education was associated with transitions from IADL profiles to death, but also noted that low education was related to transitions from mobility profiles to mental profiles, which does not correspond to a net increase in disabilities.
As expected, low MMSE scoreswere associated with transition from mobility to mental profiles. Low MMSE scoreswere also associated with increasing profile severity (both from mild IADL and intermediate mobility profiles). A relationship between low cognitive functioning and a larger number of disabilities was also reported in incidence studies [15] [16] [20] .
The SMAF handicap score [30] is a measure of unmet needs. The presence of at least one handicap is associated with transition from mild IADL profiles to intermediate mobility profiles. This confirms the association stated by Sands et al. [26] and LaPlante et al. [25] , that an unmet need is associated with disability deterioration. Only one transition revealed a significant association, however. A self-perceived health response other than "excellent" was associated with transition from IADL profiles to mobility profiles. This is also coherent with previous associations reported between poor self-perceived health and increased disability [11] [22] .
The causal aspect of health-services use versus disability state is ambiguous in longitudinal analyses, since these phenomena influence each other over time. A change in disabilities could cause a change in service use; the services received could influence disability progression. Health-services use seems to be more a marker of disability severity as evidenced by associations previously reported between use of some services and disability progression [11] [12] [14] [24] . Overall, the relationships we found between transitions and health-services use were in this direction, i.e., more use was associated with state deterioration or less recovery. Use of four types of health-services was significantly associated with transition to death, two of which being acute services (ED visits and hospitalization). More types of health services were associated with the transition from IADL profiles to mobility profiles (six types of services) than to mental profiles (only visits to GPs). We did not find that a high level of home help for IADL had a protective effect for death, although others did [14] .
Overall, more significant associations were observed for transitions from mild IADL profiles than from intermediate profiles. This is a consequence of the large number of transitions observed from state 1 in the PRISMA study, and statistical power may have been too weak to detect associations with transitions from other states. For example, individuals with ≥ 1 visit to ED had an HR of 1.79 (95% CI: 0.99, 3.25) of transitioning from mobility profiles to death.
More research is needed to confirm these exploratory results. Understanding transitions and the factors related to transitions between profiles may provide opportunities to develop clinical approaches more adapted to the specific trajectory for each profile in the older disabled population. Future analyses will require larger cohorts to study covariates, but our preliminary results can be useful in planning future studies in terms of sample-size determination and relationships to expect.
Limitations and Strengths
Potential covariates were not all measured in the PRISMA study. As a consequence, comorbidity, depression, and social contacts could not be investigated in our analysis. Our sample size (1386 participants with 3592 transitions) did not allow for studying transitions to and from each of the 14 profiles separately, and covariates could not be analyzed simultaneously. Another limitation was our inability to study covariates associated with transition probabilities from state 4 (severe profiles). In fact, most people corresponding to these severe profiles live in long-term-care settings and a study specifically targeting this group would yield more information. Lastly, it is difficult to compare our study to other disability-based classifications for transitions. Since disability-profile transitions themselves have seldom been reported to date and only sex has been studied, comparisons are very limited. The scant literature in this field is quite surprising considering the widespread use of some classifications. This points to the need for evidence-based information.
This study also has strengths. The Iso-SMAF profiles are based on a thorough evaluation of disabilities. Both the classification (Iso-SMAF profiles) and evaluation tool (SMAF) had undergone many validation processes [5] [30] [32] - [34] . An extensive measure of disability may help identify different covariate associations [57] . The SMAF was administered in a research-based protocol (PRISMA), instead of using administrative data to estimate transitions. An extensive list of health services were measured and tested as covariates. The statistical-analysis method takes into account the continuous evolution of the disability process with intermittent observation. The method also allows for obtaining HRs with 95% CIs to quantify the association of covariates with transitions.
Conclusion
This study presented detailed results on covariates associated with transition probabilities of a disability-based classification. The classification being used in clinical settings, the results shed some light on factors associated with the progression of older people throughout the main categories of profiles. Studying disability-profile transitions revealed associations similar to those reported in the literature on disability incidence studies. We were able to go further and examine correlates of transitions between two intermediate-profile categories with different predominance (mobility and mental) of disabilities. These might help understanding the complex progression of disabilities in older people, and provide preliminary information on factors associated with transitions that should be considered in service planning (e.g. unmet needs linked to decline). 
